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Charts based on big data from fluid dynamics simulations provide a simple
tool to estimate how far from its source a specific blood stain can be found
Abstract
The bloodstain pattern analyst sometimes has to judge if a given stain could originate from a specific location.
A wide range of values of the maximum distance that a blood drop can travel have been reported from
experiments, ranging from less than one meter to more than 10 meter. Here we formulate the problem in a
fluid dynamics and big data framework. The fluid dynamics is solved with Newton’s classical equation of
motion coupled with well‐established models for the gravity and drag forces that bend the trajectories of
drops. The parameters screened are the drop size, initial velocity and launch angle, as well as the height of a
blood source and the ceiling height. Combining a wide range of values of those five parameter commended
the performance of more than 4.5 million fluid dynamic simulations. Results of those simulations have been
searched and mined for additional parameters directly measurable on a crime scene, such as the stain size and
stain ellipticity. The results are presented in simple charts. Those charts are easy to use, and do not require any
knowledge of fluid dynamics from the analyst.
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Comments
This manuscript based on presentation of D. Attinger at 1st "IABPA (International Association of Bloodstain
Pattern Analysts) Congresso International de Analistas de Patrones de Manchas de Sangre," June 27-28, 2018,
in Buenos Aires, Argentina. Presentation entitled "Determinacion de la distancia maxima de viaje de una gota
de sangre" Posted with permission.






















































































































































































In figure 2, the ceiling height is 2.75 m (~9 feet) and some red trajectories are seen to hit and stop 
and the ceiling. Note also the small and fast drops that (cyan) ultimately fall almost vertically to 
the floor (on the right): those drops descend at terminal velocity, and will create round stains that 
have lost any directionality.  
Numerical results 
Several numerical results of interest are provided. Figure 3 describes the maximum distance that 
a stain on the floor can be found away from a blood source, as a function of the stain size and 
shape. This maximum distance is larger than 7 meter, and is reached by stains with equivalent 
diameters in the 10-50mm range. The size of the stain is described by its equivalent diameter, 
𝑑ௌ ൌ ටସ஺గ , which is approximately equal to √𝑊𝐿, as represented in Figure 1, right. Above, the 
symbols A, W and L stand for the area of the stain, and the width and length of an ellipse fitted to 
the stain, respectively. The shape of the stain is defined by the ellipticity of a best-fitted ellipse 
𝜀 ൌ ௐ௅ . Other variables illustrated in Figure 1 such as ceiling height, height of blood source, drop 
diameter and drop velocity could take any combination of values of Table 1. On the left of the plot, 




far from the source, which is consistent with experimental observations that the “mist’ produced 
by backspatter does not travel further than a few feet [36]. Since no constraints were set on the 
height of the blood source, of the ceiling, nor on the initial velocity, it is possible that some results 
for specific values of ceiling height and source height are smaller than in Figure 3. Such specific 






















































































































































































There is a wide body of engineering literature describing the trajectories of flying drops, in relation 
to e.g. inkjet printing [47] or raindrops [50]. Thus simulations such as those presented here do not 
present specific difficulties beyond the challenge of running 4 millions of these within a reasonable 
amount of time. The simulation equations and framework are described below. 
The trajectories of flying drops are described with an equation of motion based on Newton’s law:  
 𝑚ௗ  ௗ௏ሬ⃗ௗ௧ ൌ  𝑚ௗ𝑔 ሬሬሬ⃗ െ 𝐹஽ሬሬሬሬ⃗ .   (1)   
Above, 𝑚ௗ, 𝑡, 𝑉 , 𝑔 ሬሬሬ⃗  , 𝐹஽ሬሬሬሬ⃗  are the drop mass, time, drop velocity, gravity acceleration and drag force, 
respectively. It is assumed that the air is quiescent, and that the interactions between drops are 
negligible Lift forces are also neglected – those would matter if the drop spins and such 
information is unavailable at the time of reconstruction.  
To calculate the equation of motion (1), it is necessary to estimate the drag caused by the air on 
the travelling droplet. The drag force is defined as in [47] 
𝐹஽ሬሬሬሬ⃗ =𝜌௔𝐶஽  ஺೏ଶ 𝑉ሬ⃗ 𝑉 ,      (2) 
where 𝜌௔, 𝐴ௗ , 𝑉 𝑎𝑛𝑑 𝑉ሬ⃗  are the air density, the cross-sectional area of the undeformed droplet 
(Ad=πd2/4), the velocity magnitude and velocity vector of the droplet, respectively. The 
dimensionless parameter CD is a drag coefficient for isolated spherical particle, modified to 
account for the particle deformation that occurs at intermediate Weber number. Indeed, when the 
Weber number becomes larger than one, the drop becomes oblate, with a ratio of the largest 
diameter to the smallest that can be as high as 5. At higher drag, the drop has been observed to 
explode in flight, and those trajectories are excluded from the simulation.  The drag coefficient 
has been validated against a wide body of experimental studies reviewed and synthetized by Loth 
[51], and is expressed as. 
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In the above equation, Δ𝐶஽ ൌ 𝑓ሺ𝑊𝑒௔, 𝑅𝑒௔ሻ is explicitly provided  in [51] as a fit from experiments 




on air as the fluid. The drag coefficient for an isolated spherical particle is an extension for 
intermediate Reynolds numbers of the widely-used Clift-Gauvin [53] drag coefficient as  
 0.687 5,
1.16
24 0.421 0.15Re 0.1 Re 2 10 ,42500Re 1 Re
D sphereC
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(4) 
and the drag coefficient corresponding to the maximum deformation is an empirical relation by 
Clift et al. [53] 
*
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with 𝜇∗the ratio of the dynamic viscosities of the blood and the air. Comparison between the drag 
coefficient used in this study and the one correlated on experiments by Vargas et al. [50] showed 
no significant difference in the trajectories. 
Once the drop hits the ceiling or the floor, the angle between its velocity and the target surface is 
used to estimate the stain ellipticity and produce plots such as Figure 3 and Figure 4. To produce 
charts such as Figure 5, and additional a relation is needed to estimate drop spreading and the 
size of the resulting stain. For oblique impact, Adam [54] has shown that a correlation exist 
between normal impact velocity and drop spreading. This correlation can be expressed [55] in the 
way proposed by Bousfield and Scheller [54, 56],  
  𝛽 ൌ 𝑊/𝐷 ൌ 𝑎ሺ𝑅𝑒ேଶ 𝑂ℎሻ௕.                              (6) 
Above, 𝛽 is the spread ratio expressing how much the drop spreads upon impact. It is defined 
as the ratio of stain width over initial drop diameter. The coefficients are specific to the impact 
surface, and here we use coefficients a=0.257 and b=0.235 [48], measured on smooth 
cardstock. Those correspond to a non-absorbing surface with average spreading, in the sense 
that drops would spread more on glass and less on plastic [48]. The Reynolds number 𝑅𝑒ே ൌ
𝜌𝑉௡𝑑/𝜇 measures the ratio of the blood inertia normal to the impact surface to the viscous forces 
inside the drop, and the Ohnesorge number 𝑂ℎ ൌ ఓඥఘௗఙ  scales inertial with respect to the 
resisting viscous and surface tension forces. Symbols 𝜌, 𝜇 𝑎𝑛𝑑 𝜎, are the density, viscosity, and 
surface tension of the blood drop, respectively, and u is the velocity component normal to the 
target. In the above numerical calculations and equations, the following values are used for the 
physical properties of air and blood:  blood density 𝜌 ൌ 1060 kg/m3; surface tension between 
blood and air 𝜎 = 59 mN/m; dynamic viscosity of blood 𝜇 =42cP; dynamic viscosity of air  𝜇௔ ൌ
1.98 x10-5 Paꞏs; density of the air 𝜌௔ ൌ 1.229 kg/m3. The blood properties correspond to swine 
blood, considered an adequate substitute for human blood in BPA experiments, at temperature 
of 22°C and hematocrit of 45% [48]. The critical Weber number for drop breakup in flight is set 
to 13, consistently with extensive experimental studies by Hsiang and Faeth [57, 58]. 
The total number of simulations is the product of the numbers of each parameters in Table 1, 




were conducted using the scientific computing language MATLAB [59] version 2013b, which is 
reasonably fast at integrating ordinary differential equations and excellent at manipulating large 
amounts of numerical data. Simulations took about 48 hours on a 2016 workstation (Intel i7 
CPU at 2.7GHz, with 32GB of RAM). Results and input parameters of the simulations, including 
trajectories as well as the fate of the drop, which either hit the ceiling, hit the floor, or exploded 
in flight, have been saved into a structured data file of 24 GB. Sorts and search operations with 
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